T URKEY spermatozoa lose their fertilizing ability in a short time after semen collection, although they maintain high motility for a considerable period of time. It has been observed (Saeki, 1960) that the percentage of one type of sperm abnormality, designated as a crookednecked spermatozoa, 3 was highly correlated (-0.77) with fertility in chickens. Furthermore, it was shown that when semen was diluted and stored there was a rapid increase in crooked-necked spermatozoa. Fertility studies indicated there was an inverse relationship between this increase in crooked-necked spermatozoa and fertility.
In a sterile crossbred rooster, Sampson and Warren (1939) found a great number 'Approved for publication 10/23/61 as Journal Article No. ipS-61 by the Associate Director of the Ohio Agricultural Experiment Station.
2 Present address: Department of Livestock, National Institute of Agricultural Science, ChibaShi, Japan. 3 The term crooked-necked spermatozoa is synonymous with the bent sperm designation used by Lake (1956) of abnormal spermatozoa. Allen and Champion (19SS) reported a coefficient .of correlation of -0.SS between the total percentage of defective spermatozoa and fertilizing capacity of the cockerel. However, Parker et al. (1942) reported no correlation between percentage of abnormal sperm and fertility in the chicken. In addition, they illustrated in a diagram that the spermatozoon bent at the mid-piece was classified as normal. McCartney (1956) reported that none of the laboratory tests, i.e., semen volume, motility, pH, and sperm concentration was significantly correlated with either duration of or percent fertility in the turkey.
The purpose of this study was to provide estimates of the coefficients of correlation between crooked-necked spermatozoa and fertility and crooked-necked spermatozoa and hatchability in the turkey.
MATERIALS AND METHODS
Thirty-five male and 210 female Small White turkeys hatched on May 5, 1960 Effect of Abnormal Spermatozoa on Fertility and Hatchability in the Turkey 1 were used. Each male was mated with 6 females by the insemination method of McCartney (1959) with 0.01 ml. undiluted semen at two week intervals for a 12-week priod, beginning on Jan. 9, 1961. Prior to insemination, a semen smear from the ejaculate of each male was stained with 5% nigrosin dissolved in Lake's (1960) solution. The stained specimen was prepared by adding a trace of semen to a drop of nigrosin solution on a clean slide and smearing with another slide or glass rod. The slides were then allowed to air dry. The spermatozoa were counted under oil emersion at a later time. The remaining semen was then used to inseminate the 6 hens assigned to each male.
The hens were trap-nested and the eggs set at 1-week intervals. The percent fertility and hatchability was estimated by combining two weeks data for each period. Because of the distribution and variance characteristics of percentage data the percentages (P) were transformed to a new variable Q as follows: Q = yT^P where 1-P is the proportion infertile. In the analysis of hatchability, 1-P becomes proportion unhatched. Since the males were mated to the same hens each period, the variation of hens was judged by the variation of hens within males. The male-female combinations and periods were considered as two factors in the experiment. The error term was, therefore, the interaction of malefemale X periods. Unfortunately, due to poor egg production and incomplete trapnesting in turkeys every male-female combination was not tested each period. Therefore, some bias enters the experiment. It is believed, however, that this bias is negligible. In the analysis of covariance the terms used to calculate the coefficients of correlation were male plus error variance and covariances.
RESULTS AND DISCUSSION
Morphologically, normal turkey spermatozoa resemble those of the cockerel observed by Saeki (1960) . The turkey spermatozoa is very long, the tail being approximately 8 times as long as the head. The overall length is approximately 115 microns. The appearance of the crookednecked spermatozoa in the turkey also resembles that of the cockerel. There appears to be a weak point at both the anterior end of the mid-piece and at the neck region. Fig. 1, A shows a normal spermatozoon, B and C shows one bent at the anterior end of the midpiece, and D shows one bent at the neck. In a typical form, the head and tail very nearly adhere to each other (Fig. 1, B and D) . No distinction was made between sperm bent at the anterior end of the mid-piece and the neck; both being designated as crooked-necked spermatozoa.
The average percent crooked-necked spermatozoa in 210 fresh semen samples obtained during Jan. 9 to March 20 was 8.1% (Table 1 ). Analysis of variance shows highly significant (P < .01) differences between males and between collection periods. It should be noted that a very high portion of the variance due to periods is found in the Feb. 20 collections. When this period was eliminated from the analysis, there were no significant differences between periods. However, there was a gradual increase in the crooked-necked spermatozoa as the breeding season progressed.
The coefficients of correlation between crooked-necked spermatozoa and fertility and crooked-necked spermatozoa and hatchability are shown in Table 2 . There was a highly significant correlation (P < .01) between crooked-necked spermatozoa and fertility. This relationship existed whether the crooked-necked spermatozoa from the first collection period was B and C-sperm bent at the anterior end of the mid-piece; D-sperm bent at the neck (750X)-correlated with the average fertility for the entire 12-week period or whether the correlation involved the crooked-necked spermatozoa from all periods correlated with the respective fertility values for each period. The value was -0.67 for the former and -0.S0 for the latter. These coefficients were not significantly different from each other. It is suggested that the reason for a slightly lower correlation when the crooked-necked spermatozoa from all periods were used lies with the unusually high crooked-necked spermatozoa values recorded for the Feb. 20 collection period. Since inseminations were made every two weeks the semen samples showing a high percent of crooked-necked spermatozoa did not result in markedly lower fertility during the two week period following, because of the carry over in fertility from the Feb. 6 insemination. It is suggested that the percent crooked-necked spermatozoa in individual ejaculates could be used to select males at the beginning of the breeding season. These data suggest that those males showing a low percent crooked-necked spermatozoa should prove to possess higher fertilizing ability throughout the breeding season.
There was also a significant correlation between crooked-necked spermatozoa and hatchability (-0.47 ). This figure was not expected and the authors have no explanation for it. It is well known that spurious correlations do occur; thus this finding needs further confirmation. There was no significant correlation between hatchability and fertility. Table 3 shows the effect of ranking the males on the basis of percent crookednecked spermatozoa on fertility, hatchability and on poults produced. The two males having over 10% crooked-necked spermatozoa in their semen samples at the first collection period gave an average fertility of 77.6% for the entire 12 week breeding season. Fifteen males having less than 4% crooked-necked spermatozoa gave an average fertility of 89.3%. The figures for hatchability of fertile eggs show a spread of 4% in favor of the low group of LSD for periods-9.1 (<.01). LSD for males-4.0 (<.01). 
Items r
Crooked-necked spermatozoa (1st period)-Av. Fert. (6 periods) -.67** Crooked-necked spermatozoa (6 periods)-Fertility (6 periods) -.50** Crooked-necked spermatozoa (6 periods)-Hatchability (6 periods) -.47** Fertility (6 periods-Hatchability (6 periods) -.27 **(P<.01).
males. The number of poults per hundred eggs set was 64 for the crooked-necked spermatozoa group and 77 for the low group; thus there were 13 more poults hatched per hundred eggs set from the low group. It was noted that the high values recorded for crooked-necked spermatozoa on Feb. 20 were obtained from males producing yellow pigmented semen. The data from this study was divided into two groups. One group consisted of males that never produced yellow semen and the other group consisted of males that produced yellow semen at least once during the final 6 weeks of the test period. No yellow semen samples were observed in the first 3 semen collections. The average crooked-necked spermatozoa and fertility obtained from these two groups was calculated and are shown in Table 4 . The average crooked-necked spermatozoa found in the white and yellow semen samples was 5.7% and 16.2%, respectively. The fertility obtained from white and yellow samples was 87.7% and 77.6%, respectively. These data suggest that pigmented (yellow) semen should be discarded and that if a male consistently produces yellow semen it should be removed from the flock. Yellow pigment has been observed in bull semen by a number of workers. White and Lincoln (1960) have identified this yellow pigment as riboflavin. In general, high riboflavin content is associated with low fertility in the bull according to these workers. If more yellow pigmented semen becomes available, it is planned to study the nature of this pigment in the turkey.
SUMMARY
The average percent of crooked-necked spermatozoa in 210 fresh semen samples obtained during Jan. 1 to March 20 was 8.1%. Analysis of variance shows highly significant differences between males and between collection periods.
There was a highly significant (P < .01) correlation between crooked-necked spermatozoa and fertility and between crookednecked spermatozoa and hatchability.
Males having over 10% crooked-necked spermatozoa in their semen samples at the first semen collection gave an average fertility of 77.6% for the entire breeding season. On the other hand, males having less than 4% crooked-necked spermatozoa have an average fertility of 89.3%.
The percentage of crooked-necked spermatozoa in yellow pigmented semen was higher (average 16.2%) than that in white semen (average 5.7%). Likewise the fertility obtained from white semen was higher (average 87.7%) than that obtained from yellow semen (average 77.6%).
It is suggested that the percent crookednecked spermatozoa in individual semen samples could be used to select males with superior fertilizing ability at the beginning of the breeding season. It is also suggested that yellow semen samples should be discarded.
